The objectives were to assess vulnerability context of the Karen community and to enhance community-based natural resource management in relation to agricultural systems and food security. We facilitated key informant and focus group discussions, and conducted household interviews. In the study area of Mae Khanad watershed, the Karen's traditional rice based farming livelihoods were threatened by demographic change and movement, accelerating environment degradation, declining access to suitable agricultural land, and increasing restricted use of forest resources. A few households experienced rice deficits from 3 to 7 months. Despite the income disparity between the lowland and upland-highland villages, the bonding relationships between the northern Thai and the Karen communities enabled an effective management of communal irrigation systems, and mutual understanding between the local conservation officials and the Karen communities helped lessened in land use disputes, and paved way for promising co-management of natural resources. A tentative step-wise procedure for utilizing natural resources was proposed. Unfortunately the local administrative organization was less active and less supportive about community's collective action in natural resource management.
Introduction
The highlands of northern Thailand, with elevation above 700 m mean sea level, are ethnically and culturally diverse. It is estimated that about one million people of 15 ethnic communities live in 3, 829 village hamlets in highland areas of 20 provinces in Thailand, within which 88 percent of population scatters over 13 provinces in Northern Thailand (HRDI, 2008) . Among these ethnic diversities, the Karen is the largest population, constituting about 30 percent. The Karens are rice cultivators, planting paddy rice on the highland valleys, and practicing slash and burn in the forest fallow-upland rice land use rotation. Increasing population pressure and state authority to regulate and control slash and burn practice has forced the community to reduce fallow period, from over 10 years to 7 and 3 years. A few has adopted permanent farming systems. The interventions of crop replacement program during the last four decades have also affected the Karen to change their livelihoods to semi-commercial farming, with emphasis on high value cash crops, such as fruit crops, vegetables, and flowers. To date, the Royal Project Foundation, in collaboration with state organizations, and the Highland Research and Development Institute (HRDI), are the key non-governmental organizations that are actively working with different ethnic highland communities to improve their livelihoods, covering food security, income stability, and health care.
However, not all of the Karen communities have access to technical support, market services, and employment opportunity. The vulnerable and marginalized communities in certain watersheds of northern Thailand are facing with a series of interconnected environment and natural resource management challenges, such as accelerating environmental degradation, demographic change and movement, declining access to suitable agricultural land, and increasing restricted use of forest resources. Those settle in the remote and less accessible areas are still thriving on subsistence farming, planting upland rice in the forest-fallow and paddy rice in the lower terrace or in the highland valley. The Karen living in the Mae Khanad watershed represents individual households with different livelihood strategies, depending on resource endowment, employment opportunity, and access to services.
The present studies used the concept of systems and adaptive management, which treats resources as integral of the ecosystem, and social system. Resource management issues continually change over time in response to co-evolving social, economic and ecological systems. Resource management is people management, and hence improving performance of natural resource systems requires an emphasis on institutions and collective action (Ostrom, 1990) and property rights (Hanna and Munasinghe, 1995) . Adaptive management, or 'learning by doing', offers an opportunity for more proactive and collaborative approaches to resolving environmental problems (Allen et al. 2001) . The best management practices are also contextdependent, and will change according to changes in social, economic and ecological conditions. Such a process will also help create closer links between science, policy making, and management at local, provincial as well as national levels. This research aimed to assess vulnerability context of the Karen community and to enhance community-based natural resource management in relation to agricultural systems and food security in the highland of northern Thailand.
The current studies also adopt an asset approach, which values the capacity, skills, knowledge, connections and potential in community. Sustainable agriculture leading to food security and food safety relies on interplay of key assets that allow the system to response to evolving circumstances. It recognizes that technological and social innovations embedded in sustainable agriculture development are complex processes, which require knowledge domains from a variety of actors and understanding the context. It identifies opportunities and strengths of farmers, emphasizes human and social capitals, and focuses on interactive learning among farmers and with researchers. The outcome is to see farmers develop their potentials. This has caught the attention of numerous community development practitioners. As an alternative to the more commonly practiced needsbased approach, asset approach shifts the focus of community development from "problem solving" to "asset building". The approach involves identifying and tapping all of the potential assets in a farmer. Farmer assets include the talents and skills of individuals, organizational capacities, political connections, buildings and facilities, and financial resources (Page-Adams and Sherraden, 1997).
Methodology
We carried out field studies on all 11 villages in the Mae Khanad watershed, of which 8 are lowland villages inhabited by the local Thai, and 3 are upland-highland villages settled by the Karen community. We conducted field surveys together with farmer leaders to locate the position of diversion weirs along the Mae Khanad River and its tributaries. We facilitated workshops and focus group discussions (3-4 volunteers from each village), and made interviews of all 245 households to collect different levels of information. The key topics that used in workshops included vulnerability context that would impact on the community's livelihood strategies and outcomes, access to natural resources and local initiatives on natural resource management, agricultural systems dynamics, access to productive assets and markets and employment opportunities, the community's strategic partners and relationships, multi-stakeholders involving in community-based natural resources management, communication and negotiation with local administrative organization for services and support, and framework for co-management of natural resources that would benefit the communities in the watershed. The contents analysis and descriptive statistics were applied.
Results

Bio-physical and socio-economic characteristic of Mae Khanad Watershed
Mae Khanad watershed is located in the north-central region of Lamphun province, with a total area of 155 km 2 . The highland with elevation above 500 m and characterized by steep slope occupies about 84 percent. The middle terrace is undulating upland and characterized two zones, one with elevation of 324 -400 m, similar to lowland, but with steep slope of over 25 percent; and the other having elevation of 400 -500 m, with slope ranging from 2-25 percent, and above 25 percent. The upland constitutes about 11 percent. The lowland, where Mae Khanad river systems flow through, has elevation of 324 -400 m, with slope between 0-2 percent, and 2 -25 percent. It covers about 5 percent. Eleven villages settle in Mae Khanad watershed, having 1,734 households, and population of 4, 952. Eight villages are located in the lowland, and two villagers in the upland, and one in the highland where transportation is less accessible, especially during the rainy season. The topographic features, infrastructures, and agricultural systems of Mae Khanad watershed are summarized in Table 1 . The total land area of Mae Kanad watershed is 15500 ha. The area for cultivation occupied about 5%, of which paddy rice area covered 20.7 percent following by longan 20.1%. The residential area, areas for upland rice cultivation, wasteland, and paddy rice-garlic double cropping area (with irrigation water in dry season) were 10.3, 7.6, 7.6 and 1.3%, respectively.
Rice-based farming system was dominated in both lowland and upland-highland ecosystems. In the uplandhighland interface, upland or dryland rice was cultivated with minimum external input. The Karen continued to practice slash and burn with upland production. The average fallow period was three years. In the lowland, paddy rice was transplanted. The community still practiced exchange labor for transplanting and harvesting, hired labor was added occasionally during transplanting when demand of farm labor was competed with longan fruit picking. Lamphun province is well known for its longan production. Many rice growing areas in the lowland had been transformed into fruit orchard during the late 80s as part of agricultural diversification program to stabilize farm income in response to low market price of rice. Longan was then extensively promoted by provincial agricultural office, and farmers in the Mae Khanad gradually adopted longan. It became an important cash crop for the upland area. A number of farmers who had access to farm ponds had invested pump irrigation to provide supplement water for longan. Farmers in the lowland who were able to secure irrigation water during the dry season would have more crop choices, planting peanut, shallot, garlic, and vegetables as cash crops. However the dry season cropping after rice was confined to small areas. Majority of farm households seek off-farm employment, either on the daily basis or seasonal out-migration to cities and neighboring provinces.
Majority of farming areas were serviced by traditional diversion weirs (both communal as well individual). Water was used to supplement rainy season rice production, for land preparation, and transplanting. In lowland villages, small proportion of farmland was planted with rice-based double cropping systems: rice-garlic, ricered onion. Longan was introduced on the upper terrace, and became important economic crop, generating income as well as employment for the highland communities.
Off-farm employment plays important role especially for young people of the lowland villages who had worked in the Lamphun Industrial Estate (LIS), thus off-farm employment was the key contribution to household food security. Older generations took care of home-gardens, and food gathering from nearby forests, and gradually abandoned shifting cultivation because of lack of family labor. Highland communities worked as waged labor during longan fruit harvesting season. The average income of highland communities ranged from US$1,000 to 1,667 per year while average income for lowland communities was US$3,400 per year.
The vulnerability context
Paddy rice cultivation was confined to less than 10 percent of the total areas, which was concentrated in the lowland ecosystem. Those living in the upland and highland, where land conversion to paddy field was limited, had to cultivate upland rice, which was lower yielder than paddy rice. Consequently, certain households experienced rice deficits from 3 to 7 months.
Forest clearing during the early 80s had opened soil surface and caused erosion. Flash flooding, which caused by heavy rain and extensive forest clearing had severe impact on agricultural performance and household livelihoods. Annual flooding in the early season (May -June) would delay rice cultivation, and mid season flooding (August-September) would cause severe lodging in paddy rice. Sand washed by the flash flood also covered paddy field, and leading to low soil productivity.
Less access to farming land added another dimension of livelihood insecurity. About 81 percent of households did not have land title, they cultivated on forestlands under the jurisdiction of the Department of National Parks, Wildlife, and Plant Conservation (It merged with Royal Forestry Department in 2013), and the Royal Forestry Department. Both departments had informally allowed the local community to harvest nontimber forest products (NTFPs) for food and income, notably, annual harvest of bamboo shoots, wild mushroom, and bamboo for cottage industry, etc. The practice was considered on the humanitarian basis, where the local community had to abide by certain rules that forest clearing was strictly forbidden. The villagers, in return, helped keep watch on the external intrusion for illegal hunting and logging.
Out-migration of younger generations, aged between 18-40 years old, from the upland and lowland villages to seek non-farm employment in the cities and the Lamphun Industrial Estate (LIE) affects farm labor availability. The daily commute to work place in Lamphun helped support the household expenditure, especially on food. At present the minimum wage rate is Baht 300 (US$9.0) per day. Majority from the villages would receive higher than minimum wage rate, as they had more experience. Farming households in the upland and lowland gradually transform their land use into fruit-tree based system, especially longan. Seasonal longan fruit picking was also an important on-farm employment for the highland farmers in MayJune.
Farmers' adaptive capacity of managing changes
The upland-highland communities identified the lack of official land title deeds had limit their potentials to develop long term land use, so their livelihoods strongly depended on forest and biodiversity richness, and their acquired knowledge on conservative methods of collecting and harvesting the non-timber forest products. Without land title deeds or documents, the households were excluded from finance services and support from the Bank for Agriculture and Agricultural Copperatives (BAAC). Majortiy of villages had set up the village saving fund to provide substantial financial support for the needed households, with the exception of the three upland-highland villages. The local traders, living in the villages, acted as brokers, providing fair and just marketing arrangement, distributing local produce to external markets, thus creating interdependent production-marketing partnership. With limited land for cultivation, the communities had marked zones for residence, farming, and community forests. Collective action on resource management was observed in the form of village rules and regulation, village volunteers, and annual maintenance of community weirs and check dams for water and forest conservation. The upland-highland communities, having lesser access to physical and finacial assets than the lowland communities (Table 2) , they made better use of their natural, human and social assets to sustain their livelihoods. By adjusting social-ecological interactions to fit the local context, and with certain degree of self-organization, the upland-highland communities had built-up community resilience to cope with uncertainties od land use rights. 
Community-based natural resource management and agricultural systemsForest resource
Majority of villages had access to forest resource, and collectively managed as community forests. The committee, formed by local community, helped supervise and regulate the use of community forests. Three villages in the upland and highland, in close collaboration with the local officers of the Department of National Parks, Wildlife, and Plant Conservation, had managed their community forests to benefits local households, especially, the extraction of bamboo shoots to provide seasonal incomes. Over 4 millions Baht (US$123,000) was estimated to be generated from the sale of bamboo shoots annually distributed among the highland householdes. Tree planting along the riverbank and upper terrace, with selected species such as rain tree (Samanea saman), had provided multiple functions in addition to reforestation. The tree was used as host tree for raising insects (Kerria lacca) to produce scarlet resinous secretion, stick lac, which could generate substaintial income for the upland and highland households. The stick lac could be harvested once every three years after placing the insects on the host tree. We had seen new rain trees were planted on the degraded forests to prepare as host trees.
Water resources The three villages in the upland-highland managed their community forests separately by the village committee. In areas covered with steep forest, villagers collectively and voluntarily established check dams to reduce water flow and to conserve water during rainy season, and also to look after maintenance when the dams were being washed away by strong runoff. Local communities formed water users association (WUA) to manage the communal irrigation system independently from the administration of local government organization. The community-based water resource management was able to provide strong bonding among farming households who received equal benefits from collective action. The WUA also acted as a bridging institution between villages sharing the same water resource. Watershed level At the watershed level, the Mae Khanad Watershed Conservation Group (MKWC), which was locally organized and coordinated by a former local administrative officer, had showed improved connection and working relations with state national parks and forest authorities, and other civil groups who promoted selfgoverning community-based environment and natural resource management. Two state agencies, namely the Department of National Parks, Wildlife, and Plant Conservation, and Royal Forestry Department are mandated for overseeing the protected forests in the Mae Khanad watershed. The national parks officers, who stationed within the watershed boundary, worked more closely with local communities, had gained trust and respect by the local communities, resulting in improved conservation activities and better forest protection.
In relation to forest conservation, community also took part in water management by building diversion weirs to provide irrigation water for agricultural production, either collectively or individually. In the Mae Khanad watershed, there was no state irrigation system. However, the local administration organization, on behalf of water users association, would often ask the services or assistance from the Royal Irrigation Department (RID) to help maintain the diversion weirs, for instance, to build more permanent structure with concrete weirs, but the process of approval was laborious and time consuming.
Within the local context, it was observed that there were multiple stakeholders involving in the community based environment and natural resource management. Their roles and functions could be briefed as shown in the Table 3 . The most active and functioning group was the WUA. The committee worked on a voluntary basis, and the community elected the WUA chairperson based on his capability, honesty, and leadership. The WUA was directly related to maintaining rice production during the rainy season for household food security. Rice crop is given highest priority for water delivery arrangement. The local administrative organization in the Mae Khanad watershed, Tha Kad Neur Municipality Administration Organization (TKN-MAO), could be influential and effective if the administrators, particularly the chief, who was elected with a four-year term of office, was genuinely concerned about management of forest, water and land within the watershed management context. There were still communication gaps between local communities and the TKN-MAO in relation to the strategic development of Mae Khanad watershed for sustainable livelihood based environment and natural resource management. Other organizations were considered as strategic partners by providing supporting roles. In practice, they were more confined to own territories and interests. Pathway toward access to, and utilization of land and other natural resources for food security The upland-highland communities realized that their village settlement was located in the forest reserve, which was under the control and management of the Royal Forestry Department (RFD). They would not be able to receive land use certificates, despite the fact they had been settled long before the establishment of the RFD. The communities had proposed for community land ownership, but the information from the Community Organizations Development Institute (CODI) (Public Organization) revealed that to propose for community land ownership or land title, the communities had to follow certain procedures of self-organization and learning. Table 4 shows the selected activities that would enable communities to better prepare for proposing community land ownership to state authority. Some comments on the community ability to fulfill the drafted activities are also given. The communities had made own assessment that they needed technical supports from external institutions if they wanted to pursue community land ownership. The communities realized that to gain community land ownership on the degraded or slash and burn forest land, it required a lot of preparation and support from the local administration. Unfortunately, there seemed to have personal conflicts within the administration, and between the present chief of the local administration and the Mae Khanad Watershed Conservation Group (MKWC), whose the key committee members were political rival of the present chief of the local administration. During the research period, we had observed no initiative or action being taken by the chief of the administration to pursue on community land ownership or watershed development.
Conclusions and recommendations
There exists an income generating activities between the villages in the lowlands and upland-highland ecosystems, which share the same river systems within the Mae Khanad watershed. A social-cultural value of the Karen-local Lanna Thai communities is an important social capital, providing strong cohesiveness, as shown by the collectivity of the communal irrigation system, and to a certain extent, the Mae Khanad Watershed Conservation Group. Young generations are leaving to seek better employment opportunities, leaving the aged household members to thrive on subsistence farming, often confining to home garden Systems. Agroforestry systems could play an integral role in the physical and economic development of forest land, if community is able to have access to land use right. Sustainable rice production is crucial to provide household food security, but the system depends on integrated management of Mae Khanad watershed. With current administration, it is less likely that the integration is achievable. Participatory and integrated watershed management plans, programs and projects are urgently needed to help improve welfare of the communities of the three villages in the upper watershed. Incentive systems, as strongly pointed out by the highland villagers should be provided to communities who invest their time and energy in protecting the forest and water resources for the benefits of all people in the lowland. Principles and practices of co-management of natural resources should be explored further by encouraging particularly the full engagement of local administrative organization, and the Royal Irrigation Department, which were found less active in our study. Effective management of natural resources needs the knowledge, skills and resources, and advantages of various actors, and should address such issues as social justice and equity, and sustainable use of natural resources.
